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ABSTRACT

Hydrogen peroxide (H2O2) is an eminent biomarker in pathogenesis; a selective, high 

sensitive real-time detection of H2O2 released from live cells have drawn a significant research 

interest in bio-analytical chemistry. Binary transition metal oxides (BTMOs) displayed the 

recognizable benefit in enhancing the sensitivity of H2O2 detection, though reported BTMOs based 

H2O2 sensor’s detection limit is still insufficient, is not appropriate for in-situ profiling of trace 

amounts of cellular H2O2. In this, we describe an efficient, reliable electrochemical biosensor 

based on Mn2CuO4 microspheres to assay cellular H2O2. The Mn2CuO4 microspheres were 

prepared through a superficial solvothermal method. It is obvious from impedance studies, 

introduction of manganese into copper oxide lattice significantly improved the ionic conductivity, 

which is beneficial for electrochemical sensing process. Thanks to the distinct microsphere 

structure and excellent synergy; MCO modified electrode exhibited excellent nonenzymatic 

electrochemical behavior toward H2O2 sensing.  The MCO modified electrode delivered a broad 

working range (36 nM to 9.3 mM) appreciable detection limit (13 nM), with high selectivity 

towards H2O2. To prove its practicality, the developed sensor was applied in the detection of 

cellular H2O2 release by Raw 264.7 cells in presence of CHAPS. These results label the possible 

appliance of the sensor in clinical analysis, and pathophysiology. Thus, BTMOs are evolving as a 

promising candidate in designing catalytic matrices for biosensor applications.
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electrochemical sensor.

INTRODUCTION

Hydrogen peroxide (H2O2), a renowned reactive oxygen species (ROS),and bi product of 

cellular metabolism; which plays a crucial role in physiological process.1 It has been extensively 

used in food, textile and paper industry, pharmaceutical formulation, clinical analysis, mining, and 

chemical industries.2 In biological system, adequate amount of H2O2 (1-700 nM) is essential for 

intracellular signal transduction, cell proliferation, protein synthesis and controlling the living 

activities.3 When the concentration of H2O2 is exceeding the permissible limit (>700 nM) is 

associates with the cell damage, oxidative stress, diabetes, cardiovascular diseases, welcoming the 

series of diseases, arteriosclerosis, Alzheimer's disease, cancer and so on.4,5 As per literature, a 

higher concentration of H2O2 is produced from cancer cells due to the abnormal growth of tumor, 

which are rapidly elevates the level of H2O2 in biological system.6 Therefore, the precise and 

reliable detection of endogenous H2O2 becoming an interesting research topic to diagnosis and 

treat the cancer and other diseases, thus the H2O2 can be identified as a tumor biomarker.5 In this 

fact, a number of protocols have been reported to H2O2 assay, including colorimetric,7 

chemiluminescence,8 high performance liquid chromatography,9 fluorescence10 and 

electrochemical sensors.11,12,13 Amongst, electrochemical sensing strategy have received much 

more research interest owing to their fascinating features such as rapidity, accuracy, portability, 

economical, high sensitivity and selectivity, capability for in-situ H2O2 sensing.14 

Nowadays, non-enzymatic H2O2 sensors have gained a dramatic attention in practical 

application than the enzymatic sensors courtesy of its rapid assay performance, high sensitivity, 

stability, and ease of operation; but enzyme-based sensors can simply mislay their activity caused 

by denaturation.15,16,17,18 In this regard, a series of nanomaterial-based enzymeless sensors were 

reported for the sensing of extra-cellular H2O2.2,19,20,21,22,23 Usually, living cells are secreted the 

H2O2 in nanomolar range but these modified electrode-based sensors does not achieve the 

sufficient detection limit and the synthesis method of electrode materials involves complex 

procedure and laborious is still hampered their widespread commercialization.11  Therefore, the 

development of innovative and fascinating nanomaterials based sensitive assay system that allows 
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to assay the trace of cellular H2O2 release is necessary in the field of medical diagnosis as well as 

environmental production and food safety.2

Recent decades, an extensive research interest is devoted on the synthesis of binary 

transition metal oxides (BTMOs) thanks to their high earth abundance, non-toxic, low-cost, and 

superior redox behavior; coupled with exclusive electrocatalytic properties for a range of 

electrochemical utilities such energy storage, and conversion devices.24,25 It should be noted that 

these BTMOs are exhibited an enhanced electrochemical conductance and high specific surface 

area over the uni-metal oxides, the presence of multi valent cations moderately reduce activation 

energy for the electron transfer process, the close bonding and synergetic coupling effects the two 

cations.25,26 Thus, BTMOs are evolving as auspicious and attractive electrode materials for 

electrochemical sensing application.27 For instance, Vasuki et al., have described the template-

assisted preparation of hollow nanostructured CoFe2O4 for the determination of H2O2, it has been 

shown that CoFe2O4/GCE show very a low detection limit and broad dynamic range over 

Fe3O4/GCE.28 Liu et al., fabricated a novel H2O2 sensor based on cubic-shaped CoMn2O4 

nanoparticles and achieved an improved electrochemical performance.29  Wu et al., synthesized 

the flake-like Mn3O4-MnCo2O4 nanoparticles by using CNTs as the sacrificial template, as-

synthesized BTMOs modified electrode shows elevated electrocatalytic towards the detection of 

H2O2.26 Shu et al., concluded that cube-like CoSn(OH)6 nanostructure modified electrode also gave 

a superior electrocatalysis for H2O2 sensing.30 It can be concluded that BTMOs has significantly 

improved electrocatalytic sensing behaviour towards the detection of H2O2 than that of pure metal 

oxides because insertion of second metal into monometal oxide catalyst, can alter the morphology, 

and electronic structure with superb synergy.31 Also, this enriched electrochemical behaviour of 

BTMOs towards the H2O2 sensing caused by the existence of multiple valence of the two different 

cations in such BTMOs, which provide donor-acceptor active sites for the reversible adsorption of 

oxygen (H2O2).25

Many reports available on the copper oxide based H2O2 sensors, including Cu@CuO,32 

CuO/Ag,33 CuO,34 CuO-ionic liquid,35 CuO nanoflowers,36 CuO microcubes.37 Nonetheless these 

electrodes do not achieve the sufficient detection limit, working range, and durability because of 

intrinsically poor electronic conductivity, and insufficient electrocatalysis of CuO. It is well known 

that doping the second metal into CuO can generates synergistic effects and would be expected to 
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boost the electrochemical performance compared with pure CuO via lowering the charge transfer 

resistance and offer enlarged reactive active sites. However, to the best of our knowledge, no 

literature available on the synthesis of Mn doped CuO and its electrochemical sensing application, 

until now.

Inspired by this at present, we state an efficient production of Mn2CuO4 (MCO) 

microspheres via facile solvothermal coupled low temperature calcination protocol. Further, as-

synthesized MCO was utilized as an electrode modifier to create a novel, highly sensitive and 

selective nonenzymatic H2O2 biosensor. The electrocatalytic sensing studies validate that the MCO 

microspheres holds brilliant electrochemical performance for H2O2 sensing. The possible 

analytical application of the developed sensor has also been explored by monitoring endogenous 

H2O2 concentration secreted from live cells. The synthesis of MCO and electrochemical sensing 

of H2O2 is shown in Scheme. 1.

Scheme. 1. A pictographic model of the MCO synthesis and proposed MCO/GCE assay for 

endogenous H2O2 produced by Raw 264.7 cells.

EXPERIMENTAL
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Synthesis of Mn2CuO4 microspheres

The synthesis of Mn2CuO4 (MCO) microspheres are based on a hydrothermal process, 

followed by the calcination. Typically, 0.05 M copper nitrate (10 mL) and 0.025 M manganese 

nitrate (10 mL) were added to 40 mL solvent (1:3 ratio of ethylene glycol, and DIW) under constant 

stirring at room temperature. Secondly, 10 mL of 0.1 M urea was gradually into the above mixture 

and vigorously stirred until get a complete dissolution. After that, the reaction mixture was poured 

into a 100 mL Teflon-lined steel autoclave and kept at 180 °C for 12h. After completion of 

solvothermalysis, the sample was collected by centrifugation and thoroughly cleansed with DIW 

and ethanol to remove unreacted substances, and allowed to drying at 60 °C overnight.  To obtain 

Mn2CuO4 microspheres, as-prepared precursor sample was annealed at 400 °C for 2h in air.

RESULTS AND DISCUSSION

Material characterization

The surface morphological structure of MCO were studied by TEM. As depicted in Fig. 

1a, MCO reveal sphere-like morphologies and these microspheres are appearing with a uniform 

size have an average diameter of ~1.3 µm. High magnified TEM image (Fig. 2b) obviously 

demonstrate the spherical microstructure of MCO, possesses a relatively thick and rough surface 

structure, which is beneficial to enrich the number of diffusion of analytes during the 

electrochemical sensing process.38 Fig. 1c shows the HRTEM image of region marked by the green 

dash square of Fig. 1b, calculated interplanar distance is 0.479, 0.293, and 0.250 nm, matching 

with the (111), (220), and (311) lattice planes of Mn2CuO4, indicate that MCO microspheres are 

well-crystallized. Besides, Fig. 1d displays the corresponding SAED patterns, received patterns 

indexed with (111), (220), (311), (222), and (400) crystal planes of cubic Mn2CuO4 phase ([FM3-

M]-Space group 227), as depicted in Fig. 1d, is in correlation with the results of X-ray diffraction 

studies. This results further verifies the high crystalline nature of MCO microspheres. Energy 

dispersive X-ray spectroscopy was employed to find out the chemical composition of MCO 

microspheres and displayed in Fig. 1e&f. As illustrated in Fig. 1e, elemental peaks observed for 

Cu, Mn and O with their atomic percentage of 31.25, 12.64, and 56.11%, respectively, which are 

almost identical to the molar ratio of precursor. Further the elemental mapping (Fig. 1f) confirms 

the harmonized scattering of Cu, Mn and O. 
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The formation of metal glycolate and gas bubbles are playing a vital role for the 

construction of MCO microspheres. When added the metal precursor to EG solution, metal 

alkoxides were formed due to the coordination bonding interaction between the EG and metal 

cations (Cu(II) and Mn(II)).27 Then, as-formed metal glycolate joins each other at elevated 

temperature and microspheres were formed caused by the van der Waals interactions. Besides, 

during the solvothermalysis, gas bubbles such as NH3 and CO2 will be produced by decomposition 

of urea at high temperature to afford more active sites.39 As-formed metal alkoxides are less stable 

because of high energy and accumulate at the gas–liquid interface to minimize the interfacial 

energy.38,39 At last, in the thermal treatment, gaseous molecules have been released from the 

precursor,27 thus the microspheres were effectively achieved.

Fig. 1. FESEM (a), TEM image (b), HRTEM (c), SAED (d), EDX spectra (e) and elemental 

mapping (f) of MCO microspheres.

The crystallinity and phase pureness of MCO has been analyzed via X-ray diffraction 

(XRD) method and shown in Fig 2a. As-depicted in Fig 2a, MCO microspheres exhibited the 

characteristic diffraction peaks at 18.47, 30.39, 35.81, 37.46, 43.52, 47.66, 54, 57.58, 63.25, 66.51, 

71.78, 74.86, 75.88, and 79.91°, which are corresponding to the (111), (220), (311), (222), (400), 

(331), (422), (511), (440), (531), (620), (533), (622), and (444) crystal planes of cubic Mn2CuO4 

Page 6 of 23

ACS Paragon Plus Environment

ACS Applied Materials & Interfaces

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



phase ([FM3-M]-Space group 227) (JCPDS no. 076-2296). This result confirms the formation of 

pure single-phase Mn2CuO4 without other possible impurities. FT-IR spectrum of MCO 

microspheres is shown in Fig. 2b. The vibration bands at 437 and 520 cm-1 were assigned to the 

stretching vibrations of Mn-O.40 The bands at 556 and 618 cm-1 are corresponding to the stretching 

vibrations of Cu-O. Whereas, a couple of week intense peaks at 1103 cm-1 and 658 cm-1 are 

ascribed to Mn3+ stretching vibration in octahedral site, and linear units of CuO2
3-, 

correspondingly.41,42 In addition, the weak band at 1620 cm-1 and strong vibration at 3430 cm-1 are 

ascribed to the bending and stretching vibration mode of absorbed water.42  Consequently, FT-IR 

results further confirming the formation of Mn2CuO4.

To explore the chemical composition and electronic state of elements XPS analysis was 

employed. Fig. 2c presents the survey scan of MCO, authorizes the presence of Mn, Cu, and O. 

Further, Mn 2p spectrum in Fig. 2e, the binding energies of 643, and 654.5 eV have been ascribed 

to the Mn 2p3/2 and Mn 2p1/2, correspondingly.42 The calculated spin energy separation to be 11.5, 

coincide with earlier literature.43 It can be further into four peaks. In the deconvoluted spectrum of 

Mn 2p3/2, the binding energies of 645.9 and 642.6 eV can be attributed to the presence of Mn4+ and 

Mn3+ species, correspondingly. Similarly, in the deconvoluted spectrum of Mn 2p1/2, the fitted 

peaks at 654.3, and 658.6 eV, allotted to Mn4+ and Mn3+, correspondingly.44 Further, the spectrum 

of Cu 2p (Fig. 2e) can be split into four peaks. The binding energies of 932.4 (Cu  2p3/2) and 952.3 

eV (Cu 2p1/2) could be ascribed to the tetrahedrally coordinated Cu+, whereas binding energies of 

934.7 (Cu 2p3/2) and 955 eV (Cu 2p1/2) assigned to the octahedrally coordinated Cu2+.45 In addition 

to the major peaks, two satellite peaks were appeared at about 944.5 and 963.5 eV, agrees to the 

Cu 2p3/2 and Cu 2p1/2.44 The spin-energy separation of Cu 2p3/2 and Cu 2p1/2 of around 20 eV,46 

thus confirming the presence of Cu+ and Cu2+. As depicted in Fig. 2f O1s spectrum can be 

fragmented into two peaks indicate existence of two different states of oxygen on the surface of 

MCO. The peaks at 529.68, and 531.75 eV due to the lattice oxygen (metal-oxygen bonding) (O2-), 

and adsorbed oxygen (O2
-/O-).44 
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Fig. 2. Powder X-ray diffraction (a), FT-IR spectrum (b), XPS survey spectrum (c), Mn2p (d), 

Cu2p (e) and O1s (f) of MCO microspheres.

Electrochemical impedance spectral (EIS) studies

To explore the electron transfer (interfacial) behaviour of modified electrode, EIS 

measurements has been done (Fig. 3a). As depicts in Fig. 3a, Nyquist plots (impedance curve) of 

bare GCE (a), CuO/GCE (b) and MCO/GCE (c) were recorded in 0.1 M KCl in the presence of 5 

mM [Fe(CN)6]3-/4-. The semicircle section of Nyquist plots is resulted by charge-transfer limitation, 

whereas the linear part is ascribed with diffusion-limited process.47 The diameter of the semicircle 

reveals the charge transfer resistance of the respective electrode. The estimated impedance (Rct) at 

bare GCE (a) is 86 Ω, indicating very low impedance. The semicircle diameter of the CuO/GCE 

(b), significantly increased, and the calculated charge transfer resistance to be 291 Ω, 

demonstrating that the CuO hindered the diffusion of the electrochemical probe. This is might be 

due to the semiconducting behaviour of CuO, is agree with earlier reports.48 The charge transfer 

resistance (Rct) value obtained at MCO/GCE (c) is decreased remarkably to 103 Ω, demonstrating 

that the electro transfer process at MCO microspheres is easier than CuO. The results validate that 

incorporation of Mn into CuO lattice greatly enhanced the ionic conductivity of MCO 

microspheres.  
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Electrocatalytic reduction of H2O2 at MCO/GCE

To assess the electrocatalytic performance of MCO/GCE towards the detection of H2O2, 

CVs have been performed in presence, and absence of H2O2. The Fig. 4b shows the CVs obtained 

for bare GCE (a), CuO/GCE (b), and MCO/GCE (c) in deoxygenated 0.05 M PBS (pH 7) absence 

(a’-c’) and presence (a-c) of H2O2 (1 mM) with a scan rate of 50 mV s-1. The bare GCE (a’) did 

not shows any redox peaks due to fact that absence of redox species and demonstrates a very poor 

electrocatalytic activity towards 1 mM H2O2 (a), indicating that bare GCE is unable to sense H2O2. 

In absence of H2O2, the CuO/GCE (b’), and MCO/GCE (c’),  displayed a pair of redox peaks 

corresponds to the Cu(I)/Cu(II) redox couple.13 It should be noteworthy that the MCO/GCE (c’), 

exhibits a distinct redox peak over the CuO/GCE might be the intermetallic (between Mn and Cu) 

charge transfer, subsequently reformed the electronic structure of CuO in Mn2CuO4 can 

meaningfully enlightening electrocatalysis.5 While adding the H2O2, a significant current response 

was observed at around -0.26 V for CuO/GCE, illuminating that CuO possess a substantial 

electrocatalytic ability towards H2O2 reduction.34,36,37 As expected, MCO/GCE shows a distinct 

cathodic peak current at a peak potential of -0.19 V with dramatically enhanced current response, 

which is almost 7.6- fold higher than the current response received at CuO/GCE, owing to the 

synergistic effect. 

From the survey, Cu(I)/Cu(II) redox couple is responsible for the electrochemical reduction 

of H2O2.33 In the process of H2O2 reduction, O-O bond cleavage is the rate-determining step with 

an activation energy of 50 kcl mol-1.49 The superior electrochemical sensing performance of MCO 

can be endorsed by minimizing the energy barrier for the O-O cleavage by doping Mn. The less 

electron affinitive Mn can donate electrons to facilitate the electroreduction of H2O2.49 Meanwhile 

Mn2+ (electronegativity is 1.3) is a strong electron donor than Cu2+ (electronegativity is 2.0),50 thus 

the reaction rate is boosted by incorporation of Mn with Cu. Hence, Mn2CuO4 demonstrated 

superior catalytic activity towards electroreduction of H2O2 than CuO. 

Further, the electrode kinetics of MCO/GCE, was studied via CV. The CVs were 

performed in 0.05 M PBS in presence of 1 mM H2O2 with variable sweep rates and shown in Fig. 

3c. As evident, the cathodic response current grows with increasing scan rate from 20 to 200 mV 

s-1. As-obtained response currents (Ipc) were linear dependence with the square root of the scan 
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rates (ν1/2) (Fig. 3d), designates that electrocatalytic reduction of H2O2 over the MCO/GCE is a 

diffusion-controlled electrode process, in analogous with earlier reports.4

Fig. 3. (a) Impedance spectra of bare GCE (a), CuO/GCE (b), and MCO/GCE (c). (b) CVs of bare 

GCE, CuO/GCE, and MCO/GCE in 0.05 M PBS (pH 7) in the absence (denoted as a’, b’, c’) and 

presence (denoted as a, b, c) of 1 mM H2O2 at a sweep rate of 50 mV s-1. (c) CVs of MCO/GCE in 

0.05 M PBS (pH 7) in the presence of 1 mM H2O2 with various a scan rates from 20 to 200 mV s-

1. (d) Linear fitting between the square root of the scan rate (ν1/2) and cathodic current response 

(Ipc) (n=3).

Amperometric determination of H2O2 on MCO modified electrode

 The applied potential is an essential parameter for an amperometric sensor as it can 

influence the sensitivity of the developed sensor. In order to obtain an optimal assay potential for 

H2O2 detection; the amperometric measurements were carried out with MCO modified electrode 

at different applied potentials (0, -0.1, -0.2, -0.3, and -0.4 V). From Fig. 4a, the amperometric 

Page 10 of 23

ACS Paragon Plus Environment

ACS Applied Materials & Interfaces

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



response current towards H2O2 improved remarkably with increasing applied potential up to -0.2 

V and found to be decreasing with further increment of applied potential. At most current response 

can be attained at an applied potential of -0.2 V, and it was elected as operating potential for 

amperometric H2O2 sensor.

Next, the amperometric measurement were performed to define the analytical performance 

of the sensor such, detection limit, dynamic range, and sensitivity of H2O2 detection on 

MCO/GCE. Fig. 4b illustrates the amperometric current response of MCO/RDE upon the 

cumulative injection of H2O2 in constantly stirred 0.05 M PBS (pH 7) at an operating potential of 

-0.2 V. Fig. 4c portrays the linear plot against the response current and concentration of H2O2 in 

the range of 36 nM to 9.3 mM and a correlation coefficient of 0.9945 (R2). The detection limit, 

and assay sensitivity was estimated from the slope of the calibration curve, and found to be 13 nM 

(S/N=3), and 3.107 μA μM−1 cm−2, correspondingly. The analytical performances of MCO 

modified electrode were comparable with the recently reported H2O2 sensors (Table 1). In evident 

from Table 1, the sensing performance of the MCO based sensor is either superior or in line with 

other reported sensors, by means of dynamic range, and detection limit. This excellent 

electrochemical sensing performance promoted from the rough surface and sphere-like structure 

and strong synergetic effect of Mn2CuO4 microspheres. 
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Fig. 4. (a) Amperometric current response of MCO/RDE at various operating potentials in 0.05 M 

PBS (pH 7) under consecutive injection of H2O2 (1 mM) (b) Amperometric current response of 

MCO/RDE on cumulative injection of H2O2 into 0.05 M PBS (pH 7) at operating potential of -0.2 

V. (inset: current response of H2O2 at lower concentrations) (c) calibration plot of concentration 

of H2O2 vs amperometric current response (n=3). (d) Amperometric response of MCO/RDE on 

consecutive addition of 200 µM AA, DA, UA, glu, urea, L-cys, NaCl, and KCl with 100 µM H2O2. 

Table. 1 Assessing the analytical parameters of MCO/RDE sensor over electrochemical H2O2 

sensors

Electrode material linear response (µM) LOD (µM) ref

Au@C-Co3O4 0.05-100

100 - 3000

0.019 3

Ag nanosheets 0.5-6000 0.17 4
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Pt-Pd/CFME 0.5-3920 0.42 11

CuO@MnAl NSs 6-2200 0.126 13

RGO/Pt 0. 5-3475 0.2 14

MoS2/Pt 1-100 0.686 15

Pt/PG 1-1477 0.5 20

Pt-DENs/CNTs 3-400 0.8 21

CoFe2O4 10-1200 2.5 28

CoSn(OH)6 4-400 1 30

MnO2 0.025-2 0.005 51

Mn2CuO4 0.036–9300 0.013 This work

Au@C-Co3O4−Au nanoparticles encapsulated carbon/cobalt oxide; CFME−carbon fiber 

microelectrode; RGO/Pt−reduced graphene oxide/platinum nanoparticles; PG-porous graphene; 

Pt-DENs/CNTs−Pt nanoclusters/carbon nanotubes

The selectivity is a major concern in non-enzymatic H2O2 biosensors; and limiting the 

applicability of a developed sensor in day-today practice. The influence of current response of 

electroactive species such, ascorbic acid (AA), dopamine (DA), uric acid (UA), glucose (glu), 

urea, L-cysteine (L-cys), KCl, and NaCl on the MCO/GCE for H2O2 sensing were assessed by 

amperometry, presented in Fig. 4d. It can be seen that the addition of 200 µM of interferents did 

not produce any significant current response signal and does not affect the current response of 100 

µM H2O2. These results authenticate that the developed biosensor can selectively detect H2O2 in 

coexistence of interfering species at high concentration. Thus, good selectivity is validated with 

high precision.

In order to explore the reliability of the sensor, the MCO/GCE was kept in air at room 

temperature for one month, and CV response current of such electrode were noted every 24 h. The 

electrode preserved 94.6% of its original response current towards 1 mM H2O2 over 30 days (Fig 

5a). These results advocate the storage stability of the proposed MCO/GCE based H2O2. Then to 

evaluate the repeatability of the sensor, current response of ten repeated CVs was performed in 

0.05 PBS (pH 7) with1 mM H2O2. As shown Fig. 5b, H2O2 reduction peak currents maintained 

around 96.9% of their primary current values with a relative standard deviation (RSD) of about 

1.09% for the MCO modified electrode, revealing that the electrodes are repeatable. The 
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reproducibility of the MCO/GCE was studied by CV response towards 1 mM H2O2 carried out 

with six different MCO modified electrodes fabricated via constant protocol. The results were 

given in Fig. 5c, no obvious decrease in reduction peak current of H2O2, the results imply that the 

modified electrodes have good reproducibility, where the calculated RSD value is about 1.31%. 

Finally, the MCO/GCE revealed admirable stability, repeatability, and reproducibility to 

determine H2O2, which are essential features for a sensor in real time applications.

Determination of endogenous H2O2 released from RAW 264.7 cells

The cultured RAW 264.7 cells were transferred into PBS (pH 7) and amperometric 

measurements were performed at an operating potential of -0.2 V. The addition of CHAPS when 

to the buffer (i.e., in absence of cells) did not produces any current response (red). As shown in 

Fig. 5d, the RAW 264.7 cells in absence of CHAPS does not produce any response current (blue), 

indicating that the cells require stimulant to produce H2O2. However, injection of 0.5 µM CHAPS 

into electrolyte containing 2×106 RAW 264.7 cells, the cathodic current significantly increased 

(green), and the response current was corresponding to the H2O2 produced by RAW 264.7 cells 

upon stimulation with CHAPS. In addition, the subsequent addition of catalase (H2O2 scavenger) 

to the test sample resulted in drop of response current produced by injecting CHAPS to the RAW 

264.7 cells.19 The measured response current (blue curve) was about 0.87 µA, equivalent to 180 

nM H2O2 (calculated from analytical curve (Fig.4c)). Furthermore, the amount H2O2 released per 

cell was calculated about 9×10-14 M, which is coincide with earlier literature.52,53,54 The results 

revealed here validate that the established Mn2CuO4 based sensor can be used in real-time 

detection of extra-cellular H2O2 secreted by living cells.
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Fig. 5. (a) Response current of MCO/GCE towards 1 mM H2O2 for one month (n=3). (b) Response 

current of 10 repetitive CVs of a same MCO/GCE in 0.05 M PBS (pH 7) with 1 mM H2O2 (n=3). 

(c) Response current of six different MCO/GCE prepared in identical protocol in 0.05 M PBS (pH 

7) with 1 mM H2O2 (n=3). (d) Amperometric current response of MCO/RDE in 0.05 M PBS (pH 

7) having RAW 264.7 cells (2×106 cells) in absence (a) and presence (b) of CHAPS and catalase.

CONCLUSION

In brief, we proposed a high sensitive, selective, enzymeless electrochemical biosensor for 

H2O2 detection based on Mn2CuO4 (MCO) as an electrocatalyst. The microsphere-like MCO was 

prepared by a facile and efficient solvothermal strategy. Electrochemical impedance spectral 

studies obvious that the introduction of manganese into copper oxide lattice significantly improved 

the ionic conductivity, thus can obtain excellent electrochemical sensing performance. The 

electrocatalytic sensing studies demonstrates that the MCO modified electrode exhibited 

admirable electrochemical performance. Owing to the lower electron affinity of Mn; it acts as an 
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electron donor to luxuries the electroreduction of H2O2, thus the reaction rate is boosted by 

incorporation of Mn with Cu. Owing the unique microsphere-like structure and admirable 

elemental synergy of MCO, the biosensor based on MCO was achieved a working range of 36 nM 

to 9.3 mM with a detection limit of 13 nM towards H2O2. The biosensor can further realize in-situ 

detection of trace-level H2O2 secreted from Raw 264.7 cells. These results designate the probable 

utility of the sensor in various fields of bioanalytical chemistry. All these unique features of 

Mn2CuO4, make it an intriguing candidate to development an efficient electrochemical biosensor 

for point-of-care application. 
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